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KINETICS OF THE FORMATION FTHE FACTOR X ACTIVATING
ENZYME OF THE BLOOD COAGULAT]ON SYSTEM
K.  Varad i  
x ,  H .  C.  Hemker
Depar tment  o f  B ' iochemis t ry ,  S ta te  Un ivers i ty  L imburg ,
Maast r i ch t ,  The Nether ' lands .
( R e c e i v e d  2 0 . 1 1 . 1 9 7 5 ;  i n  r e v i s e d  f o r m .  1 5 . 1 . 1 9 7 6 .
Accepted by Edi tor  L.  Vroman)
The genera t ion  o f  fac to r  X  conver i i ing  ac t iv i t y  ( " tenase" )  f rom fac tor  IX3 ,
fac to r  V I I i  and  inos i th in  has  been s tud ied  us ' ing  >  95% pure  prepara t ionS
of  the  coagu la t ion  fac to rs .
I t  was  found tha t :
a .  The th ree  reac tan ts  ment ioned above and Ca++ ions  are  necessary  to  ob ta in
fu l l  " tenase"  ac t iv i t y .  Fac tor  IX^  has  some ' t tenase"  ac t iv i t y  o f  i t s  own.
b .  The reac tan ts  were  func t iona l  in  the  fo rm in  wh ich  they  were  added.
c .  The t ime course  o f  the  deve lopment  o f  the  tenase ac t iv i t y  and the
dependence o f  " tenase"  concent ra t ion  on  the  concent ra t ion  o f  the  reac tan ts
are  compat ib le  w i th  the  reac t ion  scheme:
+ I
i X ^ + C a " + p h . l i p .
V I I I  +  p h . 1 i p .
I X ^  -  C a  -  p h . 1 i p .  +  V I I I  - - - - - - s
o a ! -
V I I I  -  p h . 1 i p .  +  C a "  +  I X u  =
I X . - C a - p h . 1 i p .
o
J  v t I I  -  p h . 1 . i p .
r
tenase
tenase.
d .  H igh  phospho l ip id  concent ra t ions  are  inh ib i to ry .  A t  ' i nh ib i to ry  phospho-
l ip id  concent ra t ions  " tenase"  fo rms more  s low ' ly  than a t  non- ' inh ib i to ry
concent ra t ions .  Under  these cond i t ions  there  is  a  1ag-phase in  the  con-
vers ' ion  o f  fac to r  X .  Th is  i s  suggest ive  o f  fo rmat ion  o f  tenase and o f  the
tenase- fac tor  X  complex  by  la te ra l  movement  o f  mo lecu les  adsorbed a t  the
phospho' l  i  p ' i  d-water i  nterphase.
I NTRODUCT ION
The enzyme tha t  conver ts  p ro th rombin  in to  th rombin ' in  the  normal  b lood
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coagu la t ion  process  o f  man,  cow and o ther  marmals  has  been shown to  cons is t
of two proteins, factor Xu and factor v,  adsorbed next to each other at a
phospho l ip id -water  in te rphase (1 ) .Fac tor  Xu is  a  ser ine  pro tease tha t  con f t *
the  ac t ive  s i te  tha t  b r ings  about  the  sp ] ' i t t ing  o f  the  pept . ide  bonds
in  p ro th rombin .  Fac tor  V  is  a  p ro te in  w i t i , rou t  enzymat ic  p roper t ies  tha t
conta ins  b ind ' ing  s ' i tes  fo r  fac to r  I I  (2 )  and tha t  p resumably  ensures  a
f a v o u r a b l e  j u x t a p o s i t i o n  o f  t h e  a c t i v e  s i t e  o f  f a c t o r  X u  a n d  t h e  v u l n e r a b l e
s i t e s  i n  p r o t h r o m b i n .  T h e  e v i d e n c e  i n  f a v o u r  o f  t h i s  m o d e l  i s
1 .  For  genera t ing  pro thrombinase o f  op t ima l  ac t i v i t y  the  s imu l taneous presence
o f  f a c t o r  X a ,  V ,  a n d  p h o s p h o l i p . i d  i s  n e c e s s a r y  ( 3 , 4 ) .
2 .  The fac to rs  Xu and V b ind  to  phosphof ip ids  and the  pro thrombinase ac t iv i t y
i s  1  i p i d  b o u n d  ( 5 - 8 ) .
3 .  The k ine t ics  o f  the  fo rmat ion  o f  p ro th romb ' inase ac t iv i t y  i s  compat ib le  w i th
the  reac t ion  scheme:
! I
A a  +  L a  +  p n .  t ' t p .
V  +  p h . 1 i p .
X _ - C a - p h . l i o . + V
d
^ + +v  -  i j h . l t p .  +  C a '  +  X a
I t  has  been pos tu la ted  tha t  the  enzyme tha t  conver ts  fac to r  X  in to  fac to r
X u  ( t e n a s e )  i n  t h e  s o - c a l l e d  " i n t r i n s ' i c  p a t h w a y "  o f  b l o o d  c o a g u l a t i o n  i s  a
comp' lex  ana logous to  p ro th romb ' inase cons is t ing  o f  the  fac to rs  IXu and VI I I
adsorbed a t  a  phospho l ip id -water  in te rphase.  The exper imenta l  ev idence is
o f  t h e  k i n d  m e n t i o n e d  s u b  1  a n d  2  ( 1 0 - 1 5 ) .  T h i s  a r t i c l e  d e s c r i b e s  k i n e t ' i c
exper iments  w i th  pur i f ied  coagu la t ion  fac to rs  des igned to  ver i f y  th is
hypothes is .
MATERIALS AND I4ETHODS
Pooled  p la te le t  f ree  p lasma o f  50  hea l thy  male  vo lun teers  p repared
a s  j n  r e f .  1 6 , and s to red  a t  -70oC was used as  s tandard  normal  o las-
r n a .  M i c h a e l i s  b u f f e r  w a s  u s e d  a s  a  d i l u e n t  u n l , e s s  i n d i c a t e d  o t h e r w i s e .
c lo t t ing  fac to r  assays :  one un i t  o f  coagu la t ion  fac to r  was  de f ined as  the
amount  p resent  in  1  ml  o f  s tandard  human p lasma.  Fac tor  x  was measured. in
a  one-s tage assay  as  descr ibed by  Hemker  e t  a l . (16) .Fac tor  Xu was measured
in  a  one-s tage assay  ana logous to  the  fa ,c to r  X  assay  us ing  p lasma,  made
d e f i c i e n t  i n  f a c t o r s  x  a n d  v I I  b y  s e i t z  f i l t r a t i o n  i n  c o m b i n a t i o n  w i t h
p h o s p h o l i p i d  s u s p e n s i o n  ( 1 0  p g l m l ) ,  p r e p a r e d  a s  i n d i c a t e d  b e l o w ,  i n  l i e u
of thrombopl ast ' in.
A  re fe rence curve  fo r  fac to r  xu  was made by  assay . ing  ser ia l  d i lu t ions
\--
\-
\
X u - C a - p h . l
V  -  p h . 1
1 p .
1 n
pro thrombi  nase
p r o t h r o m b i n a s e  ( 9 ) .
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of  a  p repara t ion  conta in ' ing  i0  U/mr  o f  fac to r  xa .  Th is  p repara t ion  was
obta ined by  comp' le te  ac t iva t ion  o f  a  so lu t ion  conta in inq  10  U/ml  o f  fac to r  X
b y  m e a n s  o f  a d d i n g  2  y s / n 1  o f  R u s s e l l ' s  v ' i p e r  v e n o m  a n d  1 0  m M  c a + +  q 1 7 ; .
Fac tors  v l I I  and IX  were  assessed in  a  one-s tage assay  as  descr ibed by
T h o m s o n  ( 1 8 )  u s i n g  c o n g e n i t a l l y  d e f i c i e n t  p l a s m a s  ( <  0 . 0 1  U / m 1  o f  t h e  d e -
f i c ien t  fac to r )  as  a  reagent .  Reference curves  were  ob ta ined by  assay ing
d i lu t ions  o f  s tandard  normal  p lasma.  Fac tor  IXu was assessed as  fac to r  IX ,
bu t  care  was taken no t  to  ac t j va te  the  samp' le  and there fore  no  kao l in  was
added and p las t i c  tubes  and p ipe t tes  wene used th roughout .
Pur i f ied  c lo t t ing  fac to rs :  fac to r  IXu  was prepared f rom human serum,
a s  d e s c r i b e d  b y  v a r a d i  a n d  E l t j d i  ( 1 9 ) .  T h e  s p e c i f i c  a c t i v i t y  w a s  1 5  U / m g ,
a n d  t h e  p r e p a r a t i o n  w a s  f r e e  f r o m  o t h e r  c l o t t ' i n g  f a c t o r s  ( I I , v , v I I , v I I I ,
I X , x , x I , X I I )  a n d  s h o w e d  o n l y  t r a c e s  o f  c o n t a m i n a t i n g  p r o t e . i n s  o n  p o l y a c r y i -
a m i d e  g e i  e l e c t r o p h o r e s i s .
Fac tor  V I I I  was  prepared f rom human p lasma (20) .  I t  was  k ind ly
s u p p l i e d  b y  D r . v . l 4 o u r i k  i n  t h e  f o r m  o f  a n  a m m o n i u m  s u l p h a t e  p r e c i p i -
t a t i o n .  T h e  s u s p e n s i o n  c o n t a ' i n e d  1 1  U / m 1  o f  f a c t o r  V I I I  w i t h  a  s p e c i f i c
ac t iv i t y  o f  7  u /mg.  Before  use  a  par t  o f  th is  suspens ion  was red is -
s o l v e d  i n  0 . 0 5  M  T r i s - H C l  b u f f e r  p H  7 . 2 .  T h e  p r e p a r a t i o n  d i d  n o t  c o n t a i n
measurab le  ac t iv i t ies  o f  o ther  coagu ' la t ion  fac to rs .
Fac tor  X  prepared f rom bov ine  p lasma accord ' ing  to  Fu j i kawa (7)  was  a
g i f t  o f  D r s . M . J . L i n d h o u t .  T h e  s p e c i f i c  a c t i v i t y  o f  t h e  p r e p a r a t . i o n  w a s
65 u /mg.  Thrombin  (bov ine)  was ob ta ined commerc ia l l y  f rom S.A.  F .Hof fmann-
La Roche (Base1,  sw i tzer land) .  con tac t  p roduc t  was  prepared accord ing  to
N o s s e l  ( 2 1 ) .  P h o s p h o l i p i d  s u s p e n s i o n :  a 5 0  m g / m ' l  s t o c k  s u s p e n s i o n  o f  i n o -
s i th in  (Assoc ia ted  Concent ra tes ,  USA)  was made by  homogenez ing  the  mater ia l
i n  a  g l a s s - g 1 a s s  P o t t e r  E l v e l f e m  h o m o g e n i z e r  i n 0 . 0 5  M  T r i s - H C l  b u f f e r
pH 7 .2 .  The s tock  suspens ion  was s to red  in  smal l  por t ions  a t  -20oc  and
d i lu ted  be fore  use  to  the  des i red  concent ra t ions :  a l l  mater ia ls  were  never
frozen and thawed more than once.
EXPER IMENTAL
I n  a l l  e x p e r i m e n t s  f a c t o r  v I I I ,  f a c t o r  I X u ,  i n o s ' i t h i n  s u s p e n s i o n ,  a n d
ca++ were  added together  in  a  f i rs t  incubat ion  mix tu re .  A f te r  a  g . i ven
cubat ion  t ime fac to r  X  was added to  a  f ina l  concent ra t ion  o f  0 .65  u /ml
th is  made the  second incubat ion  m' ix tu re .  samp ' les  were  taken f rom th is
i n c u b a t i o n  m i x t u r e  a n d  d i l u t e d  1 0 - f o l d  i n  i c e c o ' l d  M i c h a e l i s  b u f f e r  a n d
tested for factor Xu act iv i ty.  From the rate of generat ion of factor X
't n-
- 1 1
( i 4 . 1 0  " 1 4 ) ;
second
a
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the  fac to r  X  conver t ' ing  ac t iv i t y
" tenase"  was arb i t ra r i l y  de f ined
X a  p e r  m i n u t e .
( " t e n a s e " )  w a s  e s t i m a t e d .  O n e
as the amount that formed 1 mU
u n i t  o f
of factor
{ 
+-+--*
' 
gv 
-v -+'v'v- 
v -v -v- 
v --v
o 5 r o t 5 z o
t i m e ( n r r n )
F I G . 1 .
T ime course  o f  tenase ac t iv i t y .A t  zero  t ime to  a  m ' ix tu re  o f  fac to r  IX-  and
fag tor  V I I I  inos i th in  and Ca++ (20  mM) were  added.  Incubat ion  tempera f ,u re
a 1 v  c
|  -  o  f a c t o r  I X :  0 . 8  U / m l , f a c t o r  V I I I  0 . 4  U / m 1 ,  i n o s i t h i n  1 0  p g l m 1
o - o the same Eool,ed to 2oC at 5 min
*  -  *  f a c t o r  I X "  9 . u  U / m l ,  f a c t o r  v I I i  0 . 1  U / m r ,  i n o s i t h i n  i 0  r q l m l
v  -  y  f a c t o r  I X ;  0 . 1  u / m t ,  f a c t o r  v I I I  0 . 4  u / n 1 ,  i n o s ' i i l r i n  t o  i l q T m l
v -  v  f a c t o r  I X ; 0 . 8  U / m t ,  f a c t o r  V I I I  0 . 4  U / n 1 ,  i n o s i t h i n  q O ' p 6 / n l .
Fu l l  tenase ac t iv i t y  deve loped in  the  f i rs t  incubat ' ion  mix tu re  when fac to rs
V I I I  a n d  i X u  w e r e  p r e s e n t  t o g e t h e r  w i t h  i n o s i t h i n  a n d  C a + +  l l a O l e  t ; .
TABLT i
FORMATION OF FACTOR X ACTIVATING ENZYME
Reactants F ina l  Concent ra t ion Compos i t ion
factor IXu
f a c t o r  V I I I
i  nos i th ' i  n
0 .8  U /m l
0.4 U/ml
10 pslml
20 mM
+ +
+ -
+ -
+ +
7  0 . 6
T
+ +
+
+
T
+
0 .
++
+
Xase ac t iv i t y (u/ml ) 0 .5  0 .3  0 .1
The reactants were added to 0.05
cent ra t ions  ind ica ted .  The f i rs t
bu f fe r  pH 7 .2  to  the  f ina l  con-
was 5  m ' in  a t  37oC.
M Tr i  s -HCl
i  ncubat i  on
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Factor IXu together with Ca++ had an act ' iv i ty of,  less than t0% of that of  the
comple te  mix tu re .  In  the  comp. le te  mix tu re  90% of  the  ac t iv i t y  appeared w i th in
1  mjnu te  when non- inh ib i t ing  concent ra t ions  o f  phosphof  ip id  were  present .  W' i th
h igh  phospho. l ip id  concent ra t ions  the  genera t ' ion  o f  tenase ac t iv i t y  was  s lower .
A f te r  5 -7  minu tes  the  ac t iv ' i t y  in  the  comple te  mix tu re  s ta r ted  to  decrease.
T h i s  c o u l d  b e  p r e v e n t e d  b y  c o o l i n g  i t  t o  2 o C  ( f i g .  1 ) .
50
tendse concentrat ion (  )
F I G . 2
Act iv i ty-concentrat ion relat ionship of a tenase preparat ion. The 100% pre-
parat ' io ir  is the complex mixture of Table I  kept at ice after 5 min of in-
cubat i  on.
.  -  o  ac t i v i t y  immed ' ia te ly  a f te r  d i lu t ion  w[ th  i ce-co ld
*  -  : r  ac t i v i t y  a f te r  5  min  
' incubat ion  a t  37"C.
pre incubat . ion  o f  fac to r  v I I I  and fac to r  IXa  d id  no t  resu l t
act iv i ty nor was one of these factors act ivated by factor
or  contac t  p roduc t  (Tab1e I I ) .
M ichhe l is  bu f fe r
in an enhanced
Xu or thromb' in
TABLE I I
EFFECT OF PREINCUBATION OF FACTORS IXA AND VII I
Preparati on
i nCubated
factor IXu
0.32  U/ml
fac to r  V I I I
0 .28  U/ml
1 .  0 4
1 .  0 1
1 . 1 0
1 .  0 0
1 . 0 8
0 . 9 4 a.97
Rat io  o f  ac t i va t ies  a f te r  incubat ion  w i th :
thrombin factor 'Xu cont.prod. factor IX.
0 .03  NIHU/m]  0 .5  mU/ml  0 .32  U/ml
-
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Factor  V I I I  o r  fac to r  IXu  were  pre incubated  fo r  15  min  or  5 -15  seconds
before the complete tenase mixture was prepared. After 1 min the act iv ' i ty
o f  the  tenase was tes ted .  The ra t io  o f  the  ac t iv i t ies  w i th  long and shor t
p re i  ncubat i  on  t ime ' i s  shown.
0nce tenase had developed the concentrat ion of tenase is proport ional to
i t s  a c t i v i t y  ( f i g . 2 ) .
A f te r  d ' i lu t ' i on  tenase a t ta ins  a  lower  leve l  o f  ac t i v i t y  ( f iS .  3 ) .
o -i- ro zo
t i m e  ( m i n )
F I G . 3
T ime course  o f  tenase ac t iv i t y  a f te r  d i lu t ion .  The 100% prepara t ion  o [
f i g .  2  w a s  t w i c e  d i l u t e d  w i t h  i c e - c o l d  M i c h a e l i s  b u f f e r  a n d  k e p t  a t  2 - C
( t " -  r )  o r  w i th  bu f fe r  a t  37oC and kept  a t  tha t  tempera ture  (o  -  e ; .
The K, of t e n a s e  w a s  f o u n d  a t  0 . 1 1  U / m l  1 2 . + x t O - 1 3 t 4 )  o f  f a c t o r  X  ( f i g . a ) .
In  o rder  to  see whether  tenase was genera ted  secondary  to  an ' in te rac t ion
between fac to r  V I I I  o r  IXu  separa te ly  w i th  phospho l ip id ,  each o f  these
fac tors  was pre incubated  w i th  phospho l ip id .  i , iex t  the  comple te  reac t ion
mix tu re  was recons t i ; tu ted  by  add ing  the  two pre incubat ion  mix tu res .  As
a cont ro l  fac to rs  V I I I  and IXu were  pre incubated  together  and phospho-
f i p i d  w a s  a d d e d  n e x t ' i n  o r d e r  t o  s t a r t  t h e  f i r s t  i n c u b a t i o n  s t e p .
From f ig .5  i s  can  be  seen tha t  p re incubat ion  o f  the  separa te  fac to rs
wi th  phospho l ip id  tends  to  inh ib i t  the  fo rmat ' ion  o f  tenase.
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The
and
K- of tenase. The complete
1' j '4 and tested at var ious
l / x  {u7n, l  I
F  I G . 4
tenase as  in  Tab le  I  was  d i lu ted
factor X concentrat ions.
l : 2
y'/'[
z/'
i o n  t i m e  ( m i n )
F I G . 5
Pre incubat ion  o f  fac to rs  V I I I  and IX^  w i th  phospho l ip id .  r !
r  p re incubat ion  mix tu re :  fac toF VI I I  and fac to r  IX"  and Ca- ' tes ted
5 min  a f te r  add i t ion  o f  phospho l ip ids
v  the  same tes ted  0 .5  min  a f te r  add i t ion  o f  phospho l ip id  a r
o  -  o  p re incubat ion  m' ix tu res  a :  fac to r  V I I I ,  phospho i ip id 'and Cg] '
b :  fac to r  IX" ,  phospho l ip id  and Ca"  tes ted
5 min  a f tEr  add ing  a)  to  b )
*  -  x  t h e  s a m e  t e s t e d  0 . 5  m i n  a f t e r  a d d i n q  a )  t o  b ) . -
The f inal  concentrat ions were the same as i f r  t6e comflete mixture of.Table I .
!
KINDTTCS OT' F.X ACTIVATTON
VoJ- .  8  rN
3 1 0
The amount of tenase generated depended upon the concentrat jon of
fac to rs  \ / I I I ,  IXa  and phospho l ip jd  as  shown in  f igs .  6 -8 .  For  the  two
pro te ins  and low concent ra t ions  o f  phospho ' l ' i p ' id  there  is  a  hyperbo l i c
re la t ionsh ip  be tween concent ra t ion  and tenase ac t iv i t y .  H igh  amounts
o f  phospho l ip id  appear  to  be  inh ib i to ry .
O
c
o
Relat ion between
reac t ion  mix tu re
Ca++: 20 mM.
5
t / v l t t  
1 u 7 ' u t y
F I G . 6  ,
t enase  ac t i v i tY  and
cons i s ted  o f  f ac to r
fac to r  V I I I  concent ra t ions '  The
I X u :  0 . 6  U / m l  ,  i n o s i t h i n : 1 0  P S l m 1
g
o
1{  I  xu  {u / , t t  )
F I G . 7
Relat ion between tenase act ' iv ' i ty and factor IX concentrat ion. The
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The re la t ion  be tween tenase ac t iv i t y  and inos . i th in  concent ra t ions .
Lower  curve :  l inear  sca le :  upper  cu ive :  inverse  sca le .
React jon  mix tu re :  fac to r  V I I i :  0 .3  U/ml ;  fac to r  IX :  0 .5  U/ml .
Th is  inh ib i to ry  q f fec t  o f  an  excess  p t rospho l ip id  i s  observed even when
both  f i rs t  and second incubat ion  t ime are  chosen so  as  to  f ind  a  max imum
rate 'o f  fac to r  x  convers jon  ( f ig ,8 ) .  I t  i s  independent  o f  two o ther
phenomena a lso  observed a t  h igh  I ip id  concent ra t ions :
a-  The genera t ion  o f  tenase ac t iv i t y  f rom the  comple te  mix tu re  i s
s l o w  ( f i g . 5 ) .
b .  There  is  a  lag  t ime in  fac to r  Xu produc t ion  a f te r  the  add i t ion  o f
f a c t o r  X  ( f i g .  9 ) .
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Ef fec t  o f  inh ib i t ing  concent ra t ' ions  
o f  inos i th in  on  fac to r  X  
conver -
sion.  React ion * ' i t ' ; ' ' " ;u i to i - rxu ' ,b 'B ' 'u i ; i ;  i t : t? i^UII I :  
0 '4 u/ml ;
i nos i th . in :  a0  ps /mi - ( .  
- -  r ) ;  60  Fs l * i  
( * ' - -  x ) ;  120 Ps /m]  (v  
_ -  i f ) '
D ISCUSSION
The react ' ion mechan' ism proposed 
for the formation of tenase 
is
(  1 2 , 1 3  )  :
l * . ' - - i . . -  +  ph .1 ip .  -  
IXu  -  ca  -  ph ' f  ip '
v I I I  + P h . 1 i P '  =  
V I I I  - P h ' 1 i P '
I X -  -  c a  -  p h . l j P .  +  v I I I  =  
t e n a s e
v r i r  -  p h . 1 i p .  +  c a + +  *  l X a  =  
t e n a s e
ln  these equat ions  phosphof  ip id  
s tands for  a  b ind ' ing  s i te  
a t  the
^ a n a r A  t
,rri:.:^:; ' .T::;., ipid micelre. 
Tenase is thousht to be senerated
,  r , - ^ . -  ̂ + . ; i e . a n t  b i n d i n q
il::I:.::.",i."';; vlir bind nex-t t3'i::-:'::'.':^if i::ltronl'ot'n
::::,:T:'oi^1,.n".;';;.;;;-rx. 
i ' bv means or a ca++ ion' The
"  n r r r  a im  
to
l ] l i i ; r ; l  ; . : ; ; ; t t I I  is presumabrv 
hvdrophobic'  I t  was our i
-  .  ! ^ - - . ^  . ; .  r o m n A t i  b lbi  ndi  ng or  rac uu '  
Y I  I  r  ' "  ' ^ '  
: .  -  "^ : "  
co pdt i   e  wi  th
see whether  the k ' inet ics 
of  the format ion of  tenase 
rs
th ' i  s react ion scheme'
F i rs t  we ver i f ied  whether  
the
in the format ' ion of tenase and 
i f
be used to quant i tate the amount
y ie ' lded  the  fo l low ing  resu l ts :
reactants Part ic iPated direct lY
the tenase act ' iv i ty measured 
could
of tenase formed' These experiments
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a.  The coagu la t ion  fac to rs  were  func t iona l  in  the  fo rm in  wh ich  they
were added. The tenase forming potency of factor IXu wenot en-
hanced by  pre incubat ion  w i th  contac t  p roduc t ,  known to  conver t
factor IX into factor l lXa (22).  i ior was the potency of our pre-
para t ion  o f  fac to r  V I I I  enhanced by  incubat ion  w i th  th rombin
( T a b 1 e  I I )  ( 2 3 - 2 5 ) .
b .  Under  our  cond i t ions  tenase ac t iv i t y  i s  
' l i near  p ropor t iona ' l  to
t e n a s e  c o n c e n t r a t i o n  ( f i g s .  2  a n d  3 ) .
c .  The subs t ra te  was present  in  excess  s ince  the  K,  was  0 .11  U/ml
and the  concent ra t ' ion  employed was 0 .65  U/ml  ( f ig .  a ) .  We d id
not  f ind  tha t  fac to r  IXu  or  fac to r  Xu enhanced the  ac t iv i t y  o f
f a c t o r  V I I I  a s  w a s  r e p o r t e d  b y  o t h e r s  ( 2 6 , 2 7  ) ( T a b l e  I I ) .
fo l low ing  p ' ieces  o f  ev idence can be  brought  fo rward  in  favour
the  va l id i ty  o f  the  reac t ' ion  scheme proposed:
A l l  four  reac tan ts  a re  necessary  fo r  op t ima l  tenase ac t iv i t y .  Th is
might  a l te rna t ive ly  be  exp la ' ined  by  the  ac t ' ion  o f  one o f  the
fac tors  to  conver t  the  o ther in to  an  ac t ive  tenase (24 ,27  ) .  Th is
is  un l i ke ly ,  however ,  as  a  sma ' l l  amount  o f  tenase was genera ted
r a p i d l y  u p o n . i n c u b a t i o n  w j t h  a  s m a l l  a m o u n t  o f  o n e  f a c t o r  a n d  a
la rge  amount  o f  the  o ther .  When one fac to r  enzymat ica l l y  con-
ver ted  the  o ther  in to  an  ac t ive  tenase one wou ld  have expec ted
s low genera t ion  o f  la rge  amounts  o f  tenase.  Fur thermore ,  p re-
i n c u b a t i o n  o f  t h e  f a c t o r s  V I I I  a n d  I X a  d ' i d  n o t  r e s u l t  i n  a n
e n h a n c e d  f o r m a t i o n  o f  t e n a s e  ( T a b 1 e  I I I ) .
t ^ / h e n  f a c t o r  V I I I  a n d  f a c t o r  I X u  a r e  a l l o w e d  t o  b i n d  p h o s p h o l i p i d
separate' ly before they are incubated together,  the tenase generates
more  s low]y  and is  less  ac t ive  than when the  pro te ins  a re  a l lowed
t o  b i n d  t o  t h e  s a m e  p h o s p h o l i p i d  m i c e l l e  ( f i g .  5 ) .  T h e  t e n a s e  t h a t
deve lops  can be  ascr ibed to  the  red is t r ibu t ion  o f  the  fac to rs
over  the  mice l les .  0n  bas is  o f  o ther  exper iments  o thers  reached
the  same conc lus ion  fo r  the  pro thrombin  comp' lex  (5 )  as  we l l  as
f o r  t h e  t e n a s e  c o m p l e x  ( 1 1 ) .
The reac t jon  mechan ism proposed fo r  tenase fo rmat ion  is  comple te ly
ana logous to  the  fo rmat ion  o f  p ro th rombinase f rom the  fac to rs  V ,
Xu,  phospho l ' ip id  and Ca++ (12) .  The same type o f  reac t ion  k ine t ics
wi l l  there fore  ho ld  and the  dependence o f  tenase concent ra t ion  upon
t h e  c o n c e n t r a t i o n  o f  f a c t o r s  V I I I ,  i X a  a n d  p h o s p h o l i p i d  w i l l  b e :
2 .I
I
i
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L / c = p / k ( l / n + I / p + k ' l n . p )  ( I l e + l l p ) ( 1 / e + i / p + k " / e . p )  ( 1 )
where  c=concent ra t ion  o f  tenase,  p=concent ra t ion  o f  phospho l ip id ,  n=concen-
t r a t ' i o n  o f  f a c t o r  I X ^ o  e = c o n c e n t r a t i o n  o f  f a c t o r  V I I I ,  k , k '  a n d  k "  a r e  c o n -
s  tan ts  .
W h e n  t h e  c o n c e n t r a t i o n  o f  f a c t o r  I X u  o r  f a c t o r  V I I I ' i s  v a r i e d  a n d  a l l
o ther  concent ra t ions  are  kept  cons tan t ,  the  fo rmula  pred ic ts  a  l inear  re la t i
sh ip  be tween 1 /c  and the  inverse  o f  the  fac to r  concent ra t ' ion .  F igs .  6  and
7  d o  n o t  r e f u t e  t h i s  p r e d i c t i o n .
When the  re la t ionsh ip  be tween c  and p  is  to  be  examined '  the
formula  is  bes t  wr i t ten  in  the  fo rm:
I /  c = ( p + l  /  p )  (  n + k '  )  (  e + k "  ) + (  n + e + k '  + k "  )  1 / n .  e .  k .
( 2 \
At  smal l  concent ra t ions  o f  p  the  f i rs t  te rm w ' i l l  become neg leg ' ib1e
compared to  the  second one so  tha t  a  l inear  re : la t ionsh ip  be tween 1 /c  and
l /p  i s  found.  A t  h igh  concent ra t ions  o f  p  the  second te rm wi l l  become
n e g l e g i b l e  a n d  1 / c  w i l l  b e  a  l i n e a r  f u n c t i o n  o f  p .  T h e  o b s e r v e d  r e l a t i o n s
are  compat ib le  w i th  the  pred ' i c t ion  f rom the  proposed mode l  ( f ig '  B) .
A l s o  c o m p a t i b l e  w i t h  t h e  p r o p o s e d  m o d e l  i s  t h a t  a f t e r  d i l u t i o n  o f  a
concent ra ted  tenase prepara t ion  the  ac t iv i t y  in i t ia l l y  i s  a  p ropor t iona l
f r a c t i o n  o f  t h e  o r i g ' i n a 1  a c t i v i t y  b u t  n e x t  d e c l ' i n e s  t o  a  l o w e r  l e v e l .  T h i s
m a y  b e  d u e  t o  d i s s o c i a t i o n  o f  t h e  t e n a s e  c o m p l e x  ( f i g s '  2  a n d  3 ) .
Not  immedia te ly  apparent  f rom the  proposed reac t ion  mechan ism is  the
fac t  tha t  a t  inh ib i to ry  phospho l ip id  concent ra t ions  the  tenase ac t iv i t y
fo rms more  s1ow1y.  The proposed mechan ism exp la ins  inh ib i t ' i on  by  h igh
concent ra t ions  o f  phospho l ip id  by  the  fac t  tha t  a t  a  la r1ge phospho l ip id -
water  in te rphase the  chance fo r  a  mo lecu ' le  o f  fac to r  V I I I  to  adsorb  nex t  to
a  m o l e c u l e  o f  f a c t o r  I X  i s  s m a l l .  I n  f o r m u l a  2  p  w j l l  d o m i n a t e  o v e r  1 / p
and l / c  w i ' l  1  g row,  i  .  e .  c  w i  I  I  decrease.  No 
. in te rac t ' i  ons  be tween the  two
pro te ins  a re  pos tu la ted .  I t  i s  known tha t  p ro te ins  a t  a  l ' i p id -water  in te r -
phase can have a  la te ra l  mob i l i t y  (28-31) .  So the  two fac to rs  can a t ta in
a  favourab le  iux tapos i t ion  a f te r  hav ing  been adsorbed.  When we pos tu la te
a  ( w e a k ) ' i n t e r a c t i o n  b e t w e e n  t h e  f a c t o r  V I I I  a n d  I X u ,  t h e  c o m p l e x  w i l . l , o n c e
formed,not  read i l y  d r i f t  apar t .  Th is  mechan ism cou ld  exp ' la ' in  the  s low fo rmat
o f  tenase ac t iv i t y .  The enzyme subs t ra te  complex  is  a  te rnary  complex  o f  the
fac tors  IXa,  V I I I ,  and X.  The pro te in -pro te in  in te rac t ' ion  in  the  enzyme-
subs t ra te  complex  may be  h ' igher  than tha t  jn  the  tenase complex .  Th is  wou ld
exp ' la in  the  enhanced fo rmat ' ion  o f  tenase ac t ' i v i t y  a f te r  add i t ' i on  o f  the  sub-
s t n a t e  ( f i g .  5 ) .
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We conc lude tha t  the  k ine t ics  o f  the  fo rmat ion  o f  tenase ac t iv i t y  f rom
pur i f ied  coagu la t ion  fac to rs  do  no t  re fu te  the  mode l  tha t  p red ' i c ts  the  ac t iv i t y
as  ar is ing  f rom fac tor  IXu  and fac to r  V I I I  adsorbed nex t  to  each o ther  a t  a
phosphof  i  p id -water  in te rphase.
The k ine t ic  e f fec ts  s tud ied  here  are  d i f f i cu l t  to  compare  to  those f rom
F u j i k a w a  e t  a l . ( 2 3 )  a s  t h e  l a t t e r  h a v e  b e e n  o b t a ' i n e d  a t  a  p h o s p h o l ' i p i d
c o n c e n t r a t i o n  o f  - 7 0 ; r S l m 1  w h i c h  i s  i n  t h e  i n h i b i t o r y  r a n g e  ( f i g .  8 )
and hence w i l l  show the  anomalous  fea tures  d iscussed above.
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